Background: Serum neutrophil gelatinase-associated lipocalin (NGAL) is a well-known biomarker of acute kidney injury. Serum NGAL was recently proposed as a potential predictor of mortality in post cardiac arrest syndrome (PCAS) patients following out-of-hospital cardiac arrest (OHCA). However, the potential predictive value of NGAL for neurological outcomes is unknown. Therefore, we assessed the potential predictive value of NGAL for neurological outcomes after OHCA. We also compared its predictive value with that of neuron-specific enolase (NSE) as an established biomarker. Methods: Blood samples were prospectively collected from 43 PCAS patients following OHCA. Serum NGAL was measured on days 1 and 2, and NSE was measured on day 2. These biomarkers were compared between patients with favourable (cerebral performance category [CPC] 1-2) and unfavourable (CPC 3-5) outcomes. Receiver operating characteristic (ROC) curve analysis was performed. Results: Serum NGAL and NSE on day 2 (both P < 0.001), but not NGAL on day 1 (P = 0.609), were significantly different between the favourable and unfavourable groups. In ROC curve analysis, the sensitivity and specificity were 83% and 85%, respectively, for NGAL (day 2) at a cutoff value of 204 ng/mL and were 84% and 100% for NSE (day 2) at a cutoff value of 28.8 ng/mL. The area under the ROC curve of NGAL (day 2) was equivalent to that of NSE (day 2) (0.830 vs. 0.918). Additionally, the area under the ROC curve in subgroup of estimated glomerular filtration rate (eGFR) > 20 mL/min/1. 73 m 2 (n = 38, 0.978 vs. 0.923) showed the potential of NGAL predictability.
Background
Between 2005 and 2012, more than 900,000 cases of out-of-hospital cardiac arrest (OHCA) occurred in Japan, but only about 1% of OHCA patients had favourable outcomes [1] . Therefore, assessing the prognosis of OHCA patients is important in order to identify and treat patients likely to have favourable outcomes, because most OHCA patients have an unfavourable outcome. Several chemical biomarkers have been examined in terms of the ability to predict the neurological outcomes, and neuronspecific enolase (NSE) and S100B protein are frequently measured for this purpose [2] . NSE is perhaps the most widely measured marker and several prognostic cutoff values have been proposed [3] .
Neutrophil gelatinase-associated lipocalin (NGAL) is a member of the lipocalin superfamily that is expressed by neutrophils and epithelial cells. NGAL is an established biomarker of acute kidney injury (AKI) and several reviews have shown that NGAL has potential predictive value for AKI in septic patients [4, 5] . NGAL was also reported as a potential predictive biomarker of mortality and multiple organ dysfunction syndrome in septic patients [6] .
Patients with return of spontaneous circulation (ROSC) after cardiac arrest (which includes OHCA) are treated like those with post cardiac arrest syndrome (PCAS) [7] . PCAS is sometimes referred to as sepsis-like syndrome. Several studies have revealed that blood NGAL concentrations are increased in PCAS patients, and that NGAL might predict the clinical outcomes of these patients, as already reported in sepsis patients [8, 9] . However, these studies were not sufficient to conclude that NGAL is a predictor of neurological outcomes. Then, it is also known that serum NGAL is affected by renal function of each patients, therefore, serum NGAL should be analysed with additional regulation by each patients' kidney data. In the present study, we measured serum NGAL to assess whether it predicted the neurological outcomes of PCAS patients with additional regulation by kidney data. We also compared its predictive value against that of NSE measured at the recommended time as an established biomarker. This is the first report of presenting comparison of serum NGAL and NSE for neurological outcome with regulation by kidney function in PCAS case of OHCA.
Methods

Subjects
The protocol of this clinical study was approved by the Institutional Review Boards of Kumamoto and Yamaguchi University Hospitals. OHCA patients who were admitted to the Emergency Medical Center at Yamaguchi University Hospital between April 2012 and May 2015 were included as the study group, and the disposition of patients is shown in Fig. 1 . Among 409 patients with OHCA, ROSC was achieved in 127. Of these, 43 satisfied the eligibility criteria and informed consent for participation was obtained from the next of kin (Fig. 1) .
Inclusion in this study did not alter the management of patients. Basically, all patients received ventilator management and blood pressure regulation (systolic blood pressure > 90 mmHg and mean arterial pressure > 70 mmHg). If patients received therapeutic hypothermia, they were sedated (midazolam 0.1-0.2 mg·kg ) for ≥48 h, core body temperature was measured with a bladder probe, and therapeutic hypothermia was initiated using an intravascular cooling device (Thermogard; Alsius Inc., Irvine, CA, USA). If required, veno-arterial extracorporeal membrane oxygenation support was started before ROSC and was continued until spontaneous circulation had recovered sufficiently.
Neurological outcomes were evaluated as the GlasgowPittsburgh Cerebral Performance Category (CPC) at hospital discharge. The CPC comprises five categories: CPC1 (good recovery), CPC2 (moderate disability), CPC3 (severe disability), CPC4 (vegetative state), and CPC5 (death) [10] . In the present study, patients were divided into two groups based on the CPC at discharge as patients with favourable outcomes (CPC1-2, n = 20) and patients with unfavourable outcomes (CPC3-5, n = 23). The serum NGAL and NSE concentrations were compared between the two groups. In the present study, CPC was assessed by physician who was not relate to the patients' treatment.
Sample collection
This observational study involved prospective blood sample collection. Blood samples were collected from patients after ROSC via an arterial line on days 1 and 2. Day 1 was defined as the day after ROSC. Blood samples were centrifuged at 3000 rpm for 10 min at 4°C, and then stored at −80°C until further use.
Assays
Serum NGAL levels were analysed twice in each sample using an enzyme-linked immunosorbent assay (ELISA; BioPorto, Hellerup, Denmark). Serum NSE levels were also analysed using an ELISA (Alpha Diagnostic International, San Antonio, TX, USA). NGAL was measured in samples obtained on days 1 and 2, and NSE was measured in samples obtained on day 2.
Statistical analysis
All statistical analyses were performed using SPSS software version 23.0 (IBM, Armonk, NY, USA). Univariate analyses was performed with the Mann-Whitney U test for continuous variables and Fisher's exact test for categorical variables. Receiver operating characteristic (ROC) curve analysis was used to evaluate the cutoff value for predicting unfavourable outcomes. The cutoff value was expressed as the left-uppermost point of the ROC curve, and the area under the ROC curve was measured to determine the predictive potential. The threshold of significance was set at P < 0.05.
In addition, the ROC curve analysis was also measured in subgroup of estimated glomerular filtration rate (eGFR) > 20 mL/min/1.73 m 2 . The subgroup (eGFR > 20 mL/min/1.73 m 2 ) was thought as the group of having the potential kidney function to avoid dialysis.
Results
The characteristics of the 43 patients are shown in Table 1 . The favourable outcome group (i.e. CPC1-2) was younger (P = 0.011), included more patients with ventricular fibrillation or tachycardia rhythm (P = 0.023), and included more patients who received therapeutic hypothermia (P = 0.023), compared with the unfavourable outcome group (i.e. CPC3-5). Figure 2 shows the serum NGAL and NSE concentrations in the favourable and unfavourable outcome groups. There were significant differences between the favourable and unfavourable outcome groups in terms of serum NGAL on day 2 (favourable vs. unfavourable: 139 ng/mL vs. 352 ng/dL, P < 0.001) and NSE on day 2 (17 ng/mL vs. 204 ng/dL, P < 0.001). Figure 3 and Table 2 show the results of the ROC curve analysis of serum NGAL and NSE on day 2 for predicting unfavourable outcomes. The areas under ROC curves for NGAL (0.830, P < 0.001) and NSE (0.918, P < 0001) were statistically significant. Based on the left-uppermost points, the cutoff values were 304 ng/dL for NGAL on Values are presented as the median (interquartile range) or n (%) CPC cerebral performance category, CPR cardiopulmonary resuscitation, VF ventricular fibrillation, VT ventricular tachycardia, ROSC return of spontaneous circulation, VA-ECMO veno-arterial extracorporeal organ oxygenation, eGFR estimated glomerular filtration rate day 2 (sensitivity 83% and specificity 85%) and 28.8 ng/ dL for NSE on day 2 (sensitivity 84% and specificity 100%). Figure 4 and Table 3 show the results of the ROC curve analysis of serum NGAL and NSE on day 2 for predicting unfavourable outcomes in the subgroup of estimated glomerular filtration rate (eGFR) > 20 mL/min/1.73 m 2 .
(n = 38) The areas under ROC curves for NGAL (0.978, P < 0.001) and NSE (0.923, P < 0001) were statistically significant. Based on the left-uppermost points, the cutoff values were 304 ng/dL for NGAL on day 2 (sensitivity 88% and specificity 100%) and 28.8 ng/dL for NSE on day 2 (sensitivity 88% and specificity 100%).
Discussion
Serum NGAL is a potential biomarker for the clinical outcomes of PCAS patients. As described below, serum NGAL predicted mortality in OHCA, and had potential predictive value for the neurological outcomes in some studies. However, because the studies did not compare its predictive value with that of other biomarkers, it was not possible to conclude that serum NGAL can predict the neurological outcomes of OHCA patients. Elmer et al. reported that serum NGAL was a stronger predictor of hospital mortality in cardiac arrest patients than other markers, such as NSE, S100B protein, and high-mobility group protein 1 [9] . Park et al. reported that serum NGAL predicted AKI in OHCA patients admitted to an intensive care unit, as well as the 30-day survival and neurological outcomes in these patients [8] . In the present study, serum NGAL on day 2 showed potential predictive value for the neurological outcomes at discharge of OHCA patients. However, serum NGAL on day 1 was not predictive of these outcomes, a result that differs from those reported by Park et al., who measured NGAL upon admission to the intensive care unit. In our study, 65% (28/43) of patients received Fig. 2 Box-plots of serum NGAL (days 1 and 2) and NSE (day 2) concentrations in the favourable outcome (CPC1-2) and unfavourable outcome (CPC3-5) groups. Serum NGAL on day 2 and NSE on day 2 were significantly different between the two groups (both P < 0.001). Asterisks denote outliers. CPC, cerebral performance category; NGAL, neutrophil gelatinase-associated lipocalin; NSE, neuron-specific enolase Fig. 3 Receiver operating characteristic curves for serum NGAL and NSE for predicting unfavourable outcomes. The cutoff value was taken as the left-uppermost point. NGAL, neutrophil gelatinase-associated lipocalin; NSE, neuron-specific enolase NGAL neutrophil gelatinase-associated lipocalin, NSE neuron-specific enolase, AUC area under the curve, CI confidence interval therapeutic hypothermia, which might affect the NGAL concentration, as has been reported for other biomarkers [11, 12] . NSE is one of the most frequently measured biomarkers in PCAS patients. A recent prospective study recommended a cutoff value of 33 ng/mL for NSE measured between 24 and 72 h after ROSC in patients who did not undergo therapeutic hypothermia [13] . Additionally, a post hoc analysis of a recent randomized controlled study of therapeutic hypothermia showed that there was no NSE difference between the target temperature groups, but the cutoff value was >33 ng/mL [3] . In this study, we measured serum NSE on day 2, which was the recommended time in a previous study [3] . In our study, the cutoff value for NSE on day 2 (about 24-72 h) was 28.8 ng/mL, and the false-positive rate was 0%, below, which was lower than that in a previous study [3] , possibly because most of the patients with CPC1-2 showed good recovery (CPC1) and the NSE concentration was not increased in the favourable outcome group.
In the present study, serum NGAL showed potential value for predicting the prognosis of PCAS patients, and it was significantly different between the favourable and unfavourable outcomes groups on day 2. However, based on the ROC curve analysis, serum NGAL on day 2 did not show sufficient sensitivity and specificity. At a cutoff value of 304 ng/mL, the false-positive rate was 24%. Moreover, the area under the ROC curve for NGAL (0.830) was equivalent to that of NSE (0.918). Therefore, our data did not show superiority of serum NGAL over serum NSE as a biomarker for predicting the neurological outcomes of PCAS patients.
Serum NGAL is well known as a biomarker for AKI, and it is possible that AKI might affect serum NGAL concentrations [4, 5] . Therefore, the predictive value of serum NGAL in PCAS patients with AKI is unclear. Our study included five patients whose estimated glomerular filtration rate was <20 mL/min/1.73 m 2 . Therefore, these five patients were eliminated from our data, the area under the ROC curve was 0.978 for serum NGAL, which was superior to that of NSE (0.923). At the cutoff value of 304 ng/mL for serum NGAL, the sensitivity and specificity were 88% and 100%, respectively, which were equivalent to those of NSE at a cutoff value of 28.8 ng/dL. Based on these data, if the effect of AKI can be eliminated, serum NGAL could be a useful predictive biomarker for PCAS patients.
Finally, further study is needed to solve these questions and investigate the potential of serum NGAL for predicting the prognosis of PCAS patients.
Our study has some limitations to mention. First, this study was performed at a single centre and involved a small number of patients, which may limit the strength of the conclusions. Second, the neurological outcomes were assessed at hospital discharge, and some patients experience neurological improvement after discharge. Third, the blood samples could be collected at any time of day, and could range by up to 24 h among patients.
Conclusions
Serum NGAL could be potential biomarker for predicting the neurological outcomes of PCAS patients. The predictive value of serum NGAL was equivalent to serum NSE. eGFR estimated glomerular filtration rate, NGAL neutrophil gelatinaseassociated lipocalin, NSE neuron-specific enolase, AUC area under the curve, CI confidence interval
